Three trials, utilizing a total of 240 crossbred gilts, were conducted to study the influence of 0 (NB) or 220 (SB)/ag supplemental biotin/kg of diet on feedlot performance, plasma biotin and development of toe lesions in developing gilts. Corn-soybean meal diets were fed from weaning to 92 kg body weight. Gilts were housed on expanded-metal floors to 50 kg body weight and on partially slatted concrete floors until completion of the trials. Feedlot performance, hair and structural soundness scores were not different (P>.10) between NB and SB gilts. Plasma biotin (PB) levels were elevated (P<.01) when supplemental biotin was included in the diet. Gilts consuming SB diets had fewer (P<.01) toe lesions/gilt and lower (P<.01) toe lesion severity scores/gilt compared with gilts fed NB diets. Heel-horn erosion and heel cracks were the most frequent toe lesions observed. Fewer gilts (P<.01) developed side-wall toe cracks when fed SB diets. Supplemental biotin reduced the frequency of individual toes containing heel-horn erosion (P<.10), heel cracks (P<.05) and side-wall toe cracks (P<.05) with the severity of these lesions not affected (P>.IO) by supplemental biotin. ~Appreciation is expressed to Mrs. Helen Bartlett for data analysis and biotin assays; to Mrs. Susan Arthur-Fennell for data analysis; to Mrs. Cindy Hixon for typing the manuscript; to Hoffmann-La Roche, Inc., Nutley, NJ for supplying biotin and for partial financial support; to Borden Chemical Co., Norfolk, VA; Agricultural Processing Corp., Salem, VA and Calcium Carbonate Co., Quincy, IL for ingredients. 2Present address: Dept. of Anim. Sci., North Carolina State Univ., Raleigh, NC.
Introduction
Several decades have passed since a biotin deficiency was first produced and described in weanling pigs (Cunha et al., 1946 ); yet, the biotin requirement of the various classes of swine is still not established. Until recently, it was believed that supplemental biotin was not needed in swine diets because of the wide distribution of biotin in feedstuffs (Scheiner and DeRitter, 1975) and because of the synthesis of biotin by the animal's intestinal microflora (Lehrer et al., 1952) .
Biotin deficiency symptoms include decreased feedlot performance, low plasma biotin, alopecia, dry, scaly skin, transverse grooves on the tongue, erosion of the soft toe heel and extensive cracking of the toe heel and horn (Cunha et al., 1946; Glattli et al., 1975) . During the past several years similar claw defects and skin lesions have been observed in swine of several countries (Cunha et al., 1968; Tagwerker, 1974; Brooks et al., 1977; de Jong and Sytsema, 1983) , with biotin supplementation reportedly giving a beneficial response.
The significance of foot lesions to swine lameness has been well documented (Osborne, 1950; Osborne and Ensor, 1955; Penny et al., 1963 Penny et al., , 1965 . Biotin has been implicated as a factor in lameness due to its role in maintaining normal skin and foot pads (Cunha et al., 1946; Glattli et al., 1975) . However, the role of biotin in the development of toe lesions and subseAccepted September 13, 1984 d4.5 to 20 kg: Contained per kg of premix, 44g chlortetracycline, 44 g sulfmethazine and 27 g penicillin; 20 to 100 kg: Contained per kg of premix, 22 g virginiamycin.
eDetermined by microbiological assay. NB and SB are 0 and 220 gg supplemental biotin/kg diets, respectively.
The objective of this study was to determine the influence of biotin supplementation to corn-soybean meal diets for developing gilts from weaning to 92 kg body weight on feedlot performance, plasma biotin concentrations, soundness, hair quality and development of toe lesions.
Materials and Methods
In each of three trials, 80 crossbred gilts (average 28.6 d of age and 6.7 kg body weight) were blocked based on initial weight and ancestry and allotted to two supplemental biotin groups (0 and 220 gig d-biotin/kg diet) in a randomized complete block design. In each trial, there were four pens/treatment group with 10 gilts/pen. Feed and water were provided ad libitum. Gilts were weighed and feed intake was recorded biweekly until gilts averaged 4 Hoffmann-La Roche, Inc., Nutley, NJ. 92 kg body weight. Trials 1, 2 and 3 lasted 140, 154 and 154 d; respectively.
The basal diets were formulated to meet the NRC (1979) recommendation for crude protein, Ca, P and other nutrients for each growth phase (table 1). Rovimix 4 (220 mg d-biotin/kg) was used as the biotin source for the supplemented (SB) diet. Dietary biotin concentrations were determined using a modification of the microbiological procedures of Wright and Skeggs (1944) and Frigg and Brubacker (1976) . Samples and standards (0 to .45 ng) were hydrolyzed with acid (2 N H2SO4), pH adjusted to 6.8 with 5 N NaOH and then digested for 18 h at 37 C with papain. Duplicate samples and standard hydrolysates were assayed in triplicate using Lactobacillus plantarum (ATCC 8014) as the test organism. At the beginning of each trial, gilts were weaned, moved to an environmentally controlled nursery containing expanded metal floors and placed on experimental diets. When gilts weighed approximately 50 kg, they were moved to a partially slatted, concrete-floored finishing house and remained there until completion of the trial At three time points (1 = initially, 2 = approximately 50 kg body weight and 3 = end of trial), all feet of each gilt were evaluated for toe lesions. To minimize stress to the gilts and improve data collection procedure, a turning device described by Calabotta et al. (1982) was utilized at times 2 and 3. Toe lesions were recorded as to type, based on location, using a modification of the lesion classification system (figure 1) presented by Brooks et al. (1977) . Based on visual observation, each lesion observed was given a severity score ranging from 1 to 5, with 1 indicating a very small lesion and 5 a very large severe lesion. The total number of toe lesions/gilt and the total lesion severity score/gih was obtained by summing the data for all eight toes of each gilt at each time. Data for heel-horn junction cracks, white-line horn cracks and median horn cracks were combined and analyzed as horn cracks.
Three individuals, working independently, subjectively evaluated each gilt for hair and structural soundness. Hair scores ranged from 1 to 5, with 1 indicating a gilt with no apparent hair loss and 5 representing a gilt with extensive hair loss. Soundness scores ranged from 1 to 15 according to the following guidelines: 1 =structurally correct, sound and free moving; 5 =slight structural abnormalities, slight limp and(or) restriction in movement; 10 =numerous structural abnormalities, moderate limp and(or) restricted movement; 15 = excessive lameness, unable to walk. 
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Hair scores were determined initially and at the end of each trial, while soundness scores were determined only upon completion of each trial. At times 1, 2 and 3, all gilts were bled via anterior vena cava puncture, plasma recovered and samples frozen at -20 C. Plasma samples were composited (2-ml aliquots) by pens.
Statistical Analysis. Feedlot performance, plasma biotin (PB) and soundness and hair scores were analyzed as a randomized complete block design using analysis of variance procedures (SAS, 1979) . The main effects of biotin level, replication and trial were tested along with their two-way interactions. Each pen of gilts was considered as the experimental unit. Frequency and severity of toe lesions within gilts (by toes) were analyzed as a split-split-plot design using Harvey's (1977) mixed-model least-squares analysis procedure. The frequency of gilts (toes) with lesions for each type of lesion was defined as the percentage of gilts (toes)/treatment that contained one or more lesion. When variables containing gilt means (i.e., total number of toe lesions/gilt) were tested, the data were combined for all toes on each gilt, a split-plot design was used and the model reduced accordingly. Correlation coefficients were calculated between daily gain, soundness score and toe lesions (SAS, 1979) .
Results and Discussion
Performance, Soundness Score and Hair Score. Feedlot performance and soundness and hair scores of gilts fed two levels of biotin are presented in table 2. There was no trial • biotin interaction (P>.10), therefore, the three trials were combined. Two gilts on SB diets and one gilt on nonsupplemental (NB) diets were removed from trial 1 due to extremely poor performance.
Daily gain, daily feed and feed/gain were not affected (P>.10) by supplemental biotin. Therefore, the NB diets fed in this study appeared to contain adequate biotin (ranged from 187/ag/kg for beginning diet to 103/~g/kg for final diet) to promote optimal feedlot performance. These results are in agreement with other reports in which supplemental biotin (ranged from 55 to 720 /~g/kg diet) did not improve the performance of growing pigs fed corn-soybean meal diets (Meade, 1971; Washam Easter et al., 1978; Simmins and Brooks, 1980) . To the contrary, Adams et al. (1967) reported an improvement in daily gain and feed efficiency when a basal corn-milosoybean diet (286 /~g biotin/kg) was supplemented with 110 /~g biotin/kg diet. Results from Peo et al. (1970) also suggested an improvement (10%) in daily gain of early-weaned pigs when diets were supplemented with biotin (440 or 880/~g/kg).
Across both levels of biotin only an occasional gilt appeared to lose hair and supplemental biotin did not influence (P>.10) hair scores. Hair scores were poorer at the end of each trial compared with initial scores. Approximately 10% of the gilts appeared to have dry, scaly skin; however, these gilts were evenly distributed across both levels of biotin. It has been clearly demonstrated that severe biotin deficiency results in dry, scaly skin and excessive hair loss in swine (Cunha et al., 1946; Glattli et al., 1975) ; however, the level of dietary biotin necessary to maintain normal skin and hair quality has not been determined. Cunha et al. (1968) suggested hair and skin quality could be improved by biotin supplementation under some production conditions. However, under the conditions of this study, our results do not support that hypothesis for growing-finishing swine.
Soundness scores ranged from 2 to 15 (mean --8.3) but were not influenced (P>.10) by supplemental biotin (table 2) . Unsound (lame) gilts were observed, but were evenly distributed between both levels of biotin. There was a trial effect (P<.05) for soundness scores, with gilts in trial 1 having more unsoundness problems than gilts in trials 2 and 3.
Plasma Biotin. Initially, PB averaged 39.0 ng/dl for all gilts (table 3). At time 2 (50 kg), PB was higher (P<.001) for gilts consuming SB diets and remained higher (P<.001) at time 3 (final). Supplementing 220 #g biotin/kg diet resulted in approximately a twofold increase in circulating plasma biotin levels. Trial, time, biotin x time and trial • time effects were present (P< .001). Glattli et al. (1975) studied PB in 10-to 31-d-old piglets consuming a biotin-deficient diet, a biotin-deficient diet plus biotin injections or a commercial diet for 6 wk. The pigs fed the biotin-deficient diet had PB concentrations of 20 to 30 ng/dl, while pigs consuming the commercial diet had PB concentrations over 40 ng/dl. Biotin injections increased PB, but 2 wk were required for a substantial increase. Tagwerker (1974) suggested that a PB concentration over 40 ng/dl indicates an adequate biotin status for growing-finishing swine.
Toe Lesions. All types of toe lesions illustrated in figure 1 were observed in this study. Initially, toe lesions were present, but less than 5% of the gilts were affected. In general, there were more toe lesions observed in trial 3 than in aLeast-squares means with four composite samples (10 gilts/composite) per mean in each trial. Standard error of the treatment mean = 6.0 ng/dl. bTrial, time, biotin, biotin • time and trial X time effects (P<.001). trials 1 and 2. All types of lesions increased in number and severity with time. Heel-horn erosion and heel cracks were most prevalent; however, the more traumatic horn and side-wall cracks were noted. There were no biotin x time interactions (P>.10); therefore, toe lesion data for all three time points were combined. The total number of toe lesions/gilt and total toe lesion severity score/gilt for gilts fed two levels of biotin are shown in table 4. Biotin supplementation reduced (P<.O05) the total number of toe lesions/gilt, with a mean of 5.3 and 4.8 for gilts consuming NB and SB diets, respectively. This reduction in toe lesions in gilts receiving supplementation biotin was greatest in trial 3 and the biotin x trial interaction was significant. The meaz~ total toe lesion severity score/gilt was reduced (P<.03) from 9.9 in NB gilts to 9.1 in SB gilts. The biotin response for toe lesion severity score/gilt was also greatest in trial 3. These data suggest the response of toe lesions to supplemental biotin is greater when the prevalence of toe lesions is high.
Gilts fed SB diets have a lower frequency (percentage) of toes with heel-horn erosion (P<.lO), heel cracks (P<.05) and side-wall cracks (P<.05) compared with gilts fed NB diets (table 5) . The biotin response on heelhorn erosion and heel cracks occurred primarily during trial 3, with no improvements in foot health observed in trials 1 and 2. With the exception of horn cracks during trial 3, biotin supplementation reduced horn cracks and side-wall cracks in all three trials. Generally, horn cracks and side-wall cracks were much more severe than heel cracks and often became necrotic. Similar reductions in the frequency of toe lesions were noted when the data were analyzed on a gilt basis (data summed for all eight toes for each lesion). However, only the frequency of grits with side-wail cracks was significantly reduced (2.8 vs 7.0%) with SB diets.
Toe severity scores were 1.60 and 1.57 for heel-horn erosion and 1.51 and 1.46 for heel cracks for gilts fed NB and SB diets, respectively. The incidence of all other types of toe lesions was too low to permit statistical comparison of the severity of those toe lesions present. In general, the severity of all toe lesions was mild with only an occasional pig suffering from a severe heel, horn or side wall crack. Supplemental biotin did not influence (P>.10) the toe severity score for heel-horn erosion or heel cracks. These results suggest fSum of all toe severity scores/gilt. Each lesion present was scored on a scale of 1 to 5, with 1 indicating a small lesion and 5 a large, severe lesion.
gBiotin effect (P<.03). acombined data for times 1, 2 and 3.
bsee figure 1 for lesion classification.
CStandard error of the treatment mean.
dBiotin effect (P<.IO).
eTrial effect (P<.001).
fBiotin effect (P<.05).
gBiotin • trial interaction (P<.01).
hCombined data for heel-horn junction cracks, white-line horn cracks and median horn cracks.
that once heel-horn erosion or heel cracks develop, supplemental biotin is of little value in reducing the severity of those toe lesions. The high incidence of toe lesions in this study, across both levels of biotin, agrees with the results of the slaughterhouse study of Penny et al. (1963) in which 65% of the market hogs examined had foot lesions. They noted the frequency to be quite variable among farms and among pigs from each farm. The difference in toe lesions among the three trials reported in this study further indicate the wide variation in the development of toe lesions in growingfinishing swine. The frequent occurrence of toe lesions on the SB as well as the NB diets supports the hypothesis that toe lesions in swine are caused by a number of factors other than biotin. Field studies by Penny et al. (1965) suggested that rough abrasive concrete floors area precipitating factor in swine foot lesions. Wright et al. (1972) also reported a greater incidence of moderate and severe lesions in growing-finishing swine housed on the rough surface compared with a smooth one.
In this study, the toe lesions observed were generally mild to moderate in severity and did not significantly influence daily gain. The frequency of gilts with heel cracks was positively (P<.01) correlated with daily gain; however, the correlation coefficient (.12) was small. The correlation coefficients between daily gain or soundness score and toe lesions ranged from 0 to .12, while number of toe lesions/gilt was highly correlated (.92) with severity of toe lesions/gilt. Wright et al. (1972) and Fritschen (1976) were unable to demonstrate a reduction in growth rate or feed efficiency from moderate foot lesions. Radnai and Radnai (1976) reported that .71 kg more feed was required/unit of gain in pigs suffering from foot lesions. Osborne and Ensor (1955) noted that severe toe lesions (i.e., side-wall cracks) were vulnerable to bacterial infection, leading to lameness and reduced animal performance. Penny et al. (1963) considered foot lesions to be a common cause of lameness in pigs and noted that the condition could occur at a relatively early age. It was hypothesized that a reduction in toe lesions from supplemental biotin could lead to decreased lameness as indicated by improved soundness scores. However, under the conditions of this study, toe lesions were not correlated with soundness scores.
The significant reduction in number and frequency of toe lesions in gilts receiving biotin supplementation obtained in this study supports biotin's role in maintaining hoof integrity. Clearly, there are many other factors that relate to development of toe lesions in swine and the exact mechanism by which biotin protects the hoof from damage is not known. A softening of the hoof has been reported in biotin-deficient swine (Brooks et al., 1977; Comben, 1978; Simmins and Brooks, 1980) , which could increase the hoof's susceptibility to wear, lesions and traumatic injury (Brooks and Simmins, 1981) . Horn compression strength as measured on an Instrom Testing Machine was reported to increase with the level of dietary biotin in growing-finishing gilts at 85 kg live weight (Brooks and Simmins, 1981) . Penny et al. (1980) found biotin to be more effective in reducing foot lesions in the breeding herd when supplementation started before first breeding. De Jong and Sytsema (1983) also reported that biotin supplementation had a preventive effect on the development of claw lesions in young replacement gilts (2 to 7 mo of age). A recent report (Brooks and Simmins, 1981) supports this finding. Gilts in the present study were continued on supplemental biotin diets to test this hypothesis (Bryant et al., t985a, b) .
In 1979, the National Research Council established a biotin requirement of 100 pg/kg diet for all classes of swine. The results of the present study suggest that the biotin level found in a corn-soybean meal diet (about 100 pg/kg diet) is adequate for normal feedlot performance in growing-finishing swine. However, under some production conditions, supplemental biotin may be required to maintain optimum hoof integrity in swine.
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